ABSTRACT: Five sediment cores from the fresh water region of the Vembanad wetland system were studied for the trace element contents The average concentration of iron, manganese, nickel, copper, zinc, cadmium, lead, mercury and chromium were determined. The core samples were collected using gravity type corer, digested with a mixture of nitric acid and perchloric acid and analyzed by atomic absorption spectrophotometry. Heavy metals such as iron, copper, nickel and zinc reported enrichment towards the surface of the core sediment sample collected from the centre of the lake. Lead, cadmium and mercury showed uniform distribution through out the core. Quality of the sediments were evaluated based on sediment quality guidelines, pollution load index, sum of toxic units and with effect range low/effect range median and threshold effect level/probable effect level values of Environmental Protection Agency guidelines. The degree of contamination for each station was determined. The concentration of different heavy metals has been compared with the world average concentration of shale values. Results of the analysis showed that Vembanad lake is facing serious metal pollution with increased rate of deposition.
INTRODUCTION
Sediments effectively sequester hydrophobic chemical pollutants entering water bodies such as lakes. Lake sediments provide a useful archive of information on changing lacustrine and watershed ecology (Cohen, 2003) . Sediments can be sensitive indicators for monitoring contaminants in aquatic environments. The sediments were polluted with various kinds of hazardous and toxic substances, including heavy metals. These accumulate in sediments via several pathways, including disposal of liquid effluents, terrestrial runoff and leachate carrying chemicals originating from numerous urban, industrial and agricultural activities, as well as atmospheric deposition. Core sediments provide useful information on the changes in the quality of the lake from a past period. Many researchers had studied the pollution history of aquatic ecosystem by core sediments (Karbassi et al., 2005; Lopez and Lluch, 2000; Mohamed, 2005) . Many researchers have used sediment cores to study the behavior of metals Bertolotto et al., 2003; Borretzen and Salbu, 2002; Lee and Cundy, 2001; Weis et al., 2001) . Sediment core contain information about the events that occurred in precultural time in the lakes and its catchments area. The sediment history broadly reflects the contamination history of an area. Currently, environmental pollution because of urbanization and industrial development is a major concern (Alemdaroglu et al., 2003; Heyvaert et al., 2000; Sadiq, 1992) . Concentration of trace metals in coastal estuaries can be elevated due to high inputs from natural, as well as anthropogenic sources. Thus, understanding the transport and distribution of trace metals in estuaries is a goal of environmental chemists (Unnikrishnan and Nair, 2004) . One of the most distinguishing features of metals from other toxic pollutants is that, they are not biodegradable. Sediments can incorporate and accumulate many metals added to a body of natural water. The favorable physic-chemical conditions of the sediment can remobilize and release the metals to the water column. It has been stated that specific local sources such as discharge from smelters (Cu, Pb, Ni), metal based industries (e. g. Zn, Cr and Cd from electroplating), paint and dye formulators (Cd, Cr, Cu, Pb, Hg, Se and Zn), petroleum refineries (AS, Pb), as well as effluents from chemical manufacturing plants may lead to metal accumulation in sediments (Al-Masri et al., 2002; Bonnevie et al., 1994) . In fact, there is a need of controlling both point and non-point discharges and especially pollution prevention by controlling at source discharges of heavy metals from industries (Bakan and Ozkoc, 2007) . The Vembanad wetland system is facing many problems, which include pollution due to industrial, agricultural and domestic effluents. The industries release nearly 260 million L of effluents to the wetland system. Sixteen major industries around Cochin, discharges nearly 0.104M m 3 /d of waste containing organic load into the nearby backwaters (Balachandran et al., 2002) . The Cochin estuarine system receives effluents containing a large dose of heavy metals (Ouseph, 1987) . Geochemical fractions such as Fe, Co, Cr, Cu, Mn, Ni, Pd and Zn were detected in the coastal sediments of central south-west coast of India, in and around Cochin, the second biggest city along the west coast of India (Balachandran et al., 2003) . Concentration of dissolved and particulate trace metals and their partitioning behavior between the dissolved and particulate phases in southern upstream part of the Cochin estuarine system were studied (Unnikrishnan and Nair, 2004) . They had presented a seasonal analysis of particulate trace metals, viz. iron, manganese, zinc, copper, cobalt and nickel in Cochin backwaters. The special trend for cobalt, iron and nickel was stationary at surface whereas the metals copper, zinc and manganese showed special variations (Sankaranarayanan et al., 1998) . Pillai and Valsala (1995) had studied the seasonal variation of some heavy metals in bivalve mollusk from the Cochin backwaters. Venugopal et al. (1982) studied the trace metal levels in the sediments of the Cochin backwaters and found seasonal changes in the concentration. Postdepositional remobilization of transition metals in deepsea sediment cores from the Pacific, Atlantic and Indian oceans was reported (Mudholkar et al., 1993) . This paper presents the environmental quality assessment of five sediment cores of 40-50 cm length from the fresh water region of Vembanad lake through their geochemical and toxicological study. The main goal of this work is to determine the chronological distribution of trace elements along the core, assess the quality of sediment using different sediment quality guidelines (SQGs), ecological risk assessment, finding the degree of contamination and to correlate the toxicity distribution with chemical concentration in sediment profiles in order to obtain a global picture of the historic sediment quality of the Vembanad wetland system. This study was carried out during a period of six months from January to July 2007.
MATERIALS AND METHODS
Vembanad Lake (Latitude 9°30' and 10°12'; Longitude 76°10' and 76°29') extending from Alleppey in the south to Munambam in the north, is the largest estuarine ecosystem in Kerala, India.The lake has a freshwater dominant southern zone and a salt-water dominant northern zone, both separated by a bund at Thanneermukkom where the lake has its minimum width. Since the entire Cochin estuary is a part of the Vembanad-Kol wetland system, the pollutants from the industrial area of Cochin are transferring towards the fresh water region of the Vembanad Lake (Harikumar et al., 2007) . The area under investigation includes the fresh water dominant southern zone, which is facing innumerable problems, including flooding, salinity intrusion, water quality deterioration, weed infestation, etc. This upstream part of Vembanad wetland system is characterized by a vast area of low lying highly fertile agricultural lands, which is below the mean sea level. Tidal flushing of the backwater system does not take place in summer season due to the closure of Thanneermukkom bund, which had been constructed to prevent the intrusion of salinity into the paddy fields. This results in the accumulation of toxic contaminants like heavy metals in the sediments of the lake. The core samples of sediments were collected using gravity type sediment corer of 0.5 m length. The sampling stations include areas near the urban and domestic effluent discharge points, agricultural dewatering areas and places of tourism activities. The sediment cores have been cutted into slices of approximately 2-4 cm length and labeled. Fig. 1 shows the details of sampling stations. The core 3/V are sliced into 9 pieces, 7/V into 12 pieces, C/V into 19 pieces, 15/V into12 pieces and 18/V into 12 pieces. The samples (each slices of the core) were brought to the laboratory using ice bags and stored in a deep freeze unit until the drying procedure (UNEP, 1985) . For the digestion of the sediment sample, one gram of dried and homogenized sediment samples was weighed and placed in to an acid washed PTFE digestion vessel. The digestion was performed with a mixture HNO 3 and HClO 4 acid. The digested samples were analyzed for heavy metals by Thermo M5 series AAS (USEPA, 1999) .
RESULTS AND DISCUSSION

Variation of heavy metal along the core
The concentration of iron varied from 25.55 g/kg to 82.37 g/kg and the highest distribution was reported in the sample C/V which was collected from the middle of the lake. There is an increase in the concentration from bottom to the surface of the sediment core, which confirmed the increased anthropogenic activities with time. Spatial variation of average concentration of iron is in the order 15/V < 3/V < 7/V < 18/V < C/V, all are higher than the values reported in lakes such as Manyas (Alemdaroglu et al., 2003) . The longitudinal variation is shown in Fig. 2 . Concentration of manganese varied from 281.67 mg/kg to 1311.67 mg/kg and the mean value is 610.48 mg/kg, which is higher than the value reported for Butak Menders and Gediz river sediments (Akay and Karapire, 2003) . The order of distribution along the lake is 3/V < C/V < 15/V < 18/V < 7/V. The stations 3/V and 7/V showed an increasing trend from bottom with maximum concentration at a depth of 32 cm and then a decrease towards the surface slice shown in The concentration of copper with respect to the station follows the order of 7/V < 15/V < 3/V < C/V < 18/V and varied from 16.73 mg/kg to 56.13 mg/kg (Fig. 4) . The highest deposition of copper was present in the sample 18/V and the concentration decreased towards the surface. All other stations showed an increasing trend towards the surface. The level of nickel with respect to stations is in the order of 7/V < 3/V < 15/V < C/V < 18/V. The concentration of nickel varied from 36.53 to 74.47 mg/kg (Fig. 5) , which is in agreement with the results of Venugopal et al. (1982) . Highest concentration of zinc was observed in the top layers of the core sediments and varied from 103.39 mg/kg to 305.29 mg/kg. The longitudinal variation is shown in the Fig. 6 . Higher chromium was observed for the sample 18/V (4.629 mg/kg) and the values are in agreement with the earlier studies reported for Vembanad lake (Harikumar et al., 2007) . MacDonald et al. (2000) reported a threshold Distribution of heavy metals in the core sediments effect concentration (TEC = the concentration above which toxicity may be observed) and a probable effect concentration (PEC = the concentration above which toxicity is frequently observed) of approximately 43 and 111 mg/kg of chromium for total sediment. The source of chromium includes industrial and municipal effluents. The effluent from chromium plating industries is one of the major sources of lead. Lead concentration varied from 0.61 mg/kg to 80.03 mg/kg, in the core sediment samples, which is shown in Fig. 7 . The values are close to concentration of lead reported in the coastal region of Visakhapatnam (Satyanarayana et al., 1994) . Most of the samples have concentration less than the EPA criteria for heavily polluted sediments > 60 mg/kg (Alemdaroglu et al., 2003) . The concentration of cadmium had varied from 0.07 mg/kg to 2 mg/kg and uniformly distributed without any trend (Fig. 8) . The highest concentration of mercury reported was 1.6 mg/kg and the variation of Hg vertically is shown in Fig. 9 .
Assessment of sediment pollution using different indices sediment contamination by comparison with effect based sediment quality guideline (SQG)
Numerical sediment quality guidelines (SQGs) have been used to identify contaminants of concern in aquatic ecosystem (MacDonald et al., 2000) . Sediments were classified as non-polluted, moderately polluted and heavily polluted, based on SQG of USEPA (Perin et al., 1997) . Average concentration of heavy metals in the core sediments are summarized in Table 2 . In the present study crustal abundance was used as reference lines (Taylor 1972) . From the table it is found that the sediments in Vembanad Lake were polluted in moderate rate for copper, moderate to heavy rate for zinc and nickel and non polluted to moderate rate for lead. Hakanson et al. (1980) had suggested a contamination is the mean content of the substance; C i n is the reference value for the substance. The terminologies in Table 1 are used to describe the contamination factor. The contamination factor for the sediment samples are given in the Table 3. All the stations except 15/V indicate moderate degree of contamination. The station 15/V had low degree of contamination. Tomlinson et al. (1980) had employed a simple method based on pollution load index (PLI) to assess the extent of pollution by metals in estuarine sediments (Satyanarayana et al., 1994) . Sediment pollution load index (PLI) was calculated using the equation PLI (product of n number of CF values) 1/n . Where, CF is the contamination factor, n the number of metals and world average concentration of elements reported for shale was taken as their background values. The PLI values calculated for each of the stations were summarized in Table 4 . The PLI value of > 1 is polluted whereas < 1 indicates no pollution. Concentration levels of Pb, Cd, Zn and Fe in most of the stations exceeded the world average concentration of shale (Satyanarayana et al., 1994) . The station, Ranimangalam (15/V) showed less concentration than 
Assessment of sediment contamination by comparison of concentration with those of background sediments
Assessment of pollution by calculating the pollution load index (PLI)
Ecotoxicological sense of heavy metal contamination
The ecotoxicological sense of heavy metal contamination in sediments was determined using sediment quality guidelines developed for marine and estuarine ecosystem (Bakan and Ozkoc, 2007) . These effects are as follow: a) The effect range low (ERL) / effect range median (ERM) b) The threshold effect level (TEL) / probable effect level (PEL) Where, ERL and TEL are concentrations below which adverse effects upon sediment dwelling fauna would infrequently be expected whereas, ERM and PEL represent chemical concentration above which adverse effects are likely to occur. From the Table 5 , it is found that except nickel all other elements are at low to moderate range according to TEL and PEL values. For nickel, the stations C/V (centre of the lake), 15/V (Ranimangalam) and 18/V (Kuppapuram) exceeded the ERM levels. The potential acute toxicity of contaminants in sediment sample can be estimated as the sum of the toxic units (TU) defined as the ratio of the determined concentration to PEL value (Pederson et al., 1998) . From the toxic unit values, the stations 18/V (Kuppapuram) and C/V (centre of the lake) are more polluted compared to others.
Comparison with some earlier studies on different rivers
A comparison of metal concentration with different values reported for different rivers is generally taken as the quick and practical method for tracing heavy metal enrichment. The average values of the metal concentrations reported by other workers on some of the important rivers (Jain, 2004) have been summarized in Table 6 . The comparison study with different rivers revealed that the average metal load of Vembanad lake is quit higher in the sediments.
CONCLUSION
The study of distribution of heavy metal along the core sediments of Vembanad Lake demonstrates that, the lake is facing heavy metal pollution. It is found that the deposition rate of heavy metals in the lake increases with time. The various heavy metals follow the order of Hg < Cd < Cr < Pd < Cu < Ni < Zn < Mn < Fe. Sediments in Vembanad Lake were polluted in moderate rate for copper, moderate to high rate for zinc and nickel and non polluted to moderate rate for lead according to sediment quality guideline. All the stations except Ranimangalam (15/V) indicated moderate degree of contamination. The PLI values and the toxic unit showed a high pollution load at station Kuppapuram (18/V) and in the centre of the lake (C/V). Except the element nickel, all other elements were reported low to moderate range according to threshold effect level and probable effect level values. At the centre of the lake (C/V) and at the stations Ranimangalam (15/V) and Kuppapuram (18/V), the concentration of nickel exceeded the effect range median levels. Except copper and manganese, the concentration of all the heavy metals exceeded the average shale value. The above results confirmed that the Vembanad Lake is facing serious environmental pollution especially due to heavy metals with increased rate of deposition with time. However, the contamination of the environment due to heavy metals can be confirmed by studying the chemical forms of different metals present in the sediment. Hence, the chemical partitioning will be incorporated in the future studies. The major source for the metal contamination is the industrial effluents near Cochin. The increased monsoonal supply of materials together with previously deposited sediments through the Cochin backwaters is the reason for this increased metal contamination.
